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Chapter 1 Introduction
1.1 Introduction
The Remnant Vegetation Mapping Project at the Western Australian Department of Agriculture
(DAWA) commenced in December 1988 and mapping, digital capture and establishment of a
GIS data base of remnant vegetation in the south-western agricultural area of the State is now
complete (Figure 1). The project arose from the need for size and spatial coverage information of
remnant vegetation on private land, initiated by concern for rapid vegetation decline.
Prior to the commencement of this mapping project only a few other works had been undertaken
to ascertain the location, distribution and size of native vegetation patches remaining in the
agricultural area. In 1987 the Environmental Protection Authority (EPA) commissioned the
McLean's Forest Project (EPA Bulletin No. 286), which entailed the mapping, digital capture and
spatial analysis of native vegetation remaining on private land in the Albany area (Beeston and
Mlodawski, 1987). Also in 1987 Coates mapped remnant vegetation and produced area
statements for the Shires of Dumbleyung, Lake Grace, Tammin and Pingelly (Coates, 1987). A
clearing history of Kellerberrin Shire was produced by Weeldenberg in 1990 showing the extent
of clearing from pre-1920 to 1984 (Arnold and Weeldenberg 1991). The results of all these
projects have been incorporated into the current remnant vegetation data base.
1.2 Causes for concern
It has been well documented that excessive clearing of native vegetation can result in severe soil
erosion, salinisation of soil, and siltation, discolouration and salinisation of nearby streams and
lakes, all causing a decline in productivity of the land. Clearing native vegetation also results in
vegetation decline and loss of fauna. It has a major impact on the loss of biodiversity of both
plants and animals.
Much effort is now being focused on promoting conservation of remnants and the benefits to
agriculture it provides. These include the increased productivity in stock and crops realised with
the retention of vegetation for windbreaks and shade and shelter.
The benefits of remnant vegetation in prevention and control of soil erosion and soil and stream
salinisation are well known, whilst its provision of wildlife habitat for pest control predators has
more recently been appreciated (Breckwoldt, 1986). Some of the benefits to nature conservation
include the enhancement of existing Nature Reserves and National Parks systems through the
provision of corridors and buffer zones, the maintenance of biological diversity of species, plant
and animal communities and the habitat upon which they depend. Corridors enable the mobility
of wildlife and will be of great benefit during times of climatic change. They also allow for
continued species diversification.
1.3 Project objectives
1.3.1 Stage I
Remnant vegetation mapping and its incorporation into a Geographical Information System (GIS)
data base is the first stage in an overall documentation and promotion of conservation of remnant
vegetation in Western Australia. The primary objective of this project being to determine the
amount, distribution and regional location of native vegetation remaining on private land in the
agricultural area of south-west Western Australia.
1.3.2 Stage II
The second stage, which is currently being undertaken by the Department of Agriculture (on a
project basis using external funding) and other organisations, will ascertain the vegetation
communities present and ecological significance of remnants through field examination. This
information will be incorporated into the GIS data base for use in establishing management
strategies and monitoring programs.
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1.4 Roadside vegetation
Although not on private land, large roadside vegetation corridors have been included in this
mapping project. Its inclusion enhances the remnant vegetation data by identifying corridors
between remnants. The role of corridors in increasing the nature conservation value of remnants
has been discussed by various authors including Bennett (1987), Recher et al. (1987),
Bridgewater (1987) and Saunders and Ingram (1987).
4
Chapter 2 Methodology
2.1 Overall workplan
The process of digital data capture of remnant vegetation can be summarised as follows:
Collation of maps and aerial photographs
Air Photo interpretation and mapping
Digitising
Cleaning Linework
Polygon Formation
Database Linkage
Spatial Analysis
2.2 Mapping and photograph interpretation
2.2.1 Base maps
Prior to mapping remnant vegetation, Public land boundaries, including Vacant Crown Land,
CALM Reserves, Local Government Reserves and pastoral leases, were marked on base maps
using cadastral information available from the Department of Land Administration (DOLA).
Although vegetation cover was not mapped inside these boundaries it was necessary to
differentiate Public Land to ensure only those remnants on private land were included in the
spatial analysis process, so that a true picture of what remains on private land would be gained.
Mapping of remnant vegetation was carried out by interpreting aerial photographs and satellite
images (LANDSAT and SPOT) and transferring the information to base maps. As a convenient
and accurate frame of reference, base maps used were stable acetate copies of vegetation
overlays at scales of 1:25,000, 1:50,000, 1:100,000, or, where acetates were not available,
published topographic maps at scales of 1:50,000 and 1:100,000 (Figure 2). Where acetate
copies were used, a cadastral map of the same scale was placed under the acetate, this
facilitated more accurate mapping. All base maps used were produced by DOLA.
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2.2.2 Aerial photography and satellite imagery
The most recent aerial photography available was interpreted including photography flown for
specific projects and from Standard Cover photography flown by the State and Federal
Governments. Where aerial coverage was not available satellite images were used, these
generally in the form of rectified images of thematic data from the Remote Sensing Applications
Centre (RSAC) and SPOT multispectial images from the Australian Centre for Remote Sensing
(ACRES) (Figure 3). The dates of photography used are given in Figure 4 and detailed
information on the source material used is given in Appendix A.
2.2.3 Other sources
Digital topographic data produced by DOLA was used for areas close to the Perth Metropolitan
area. The digital data relating to vegetation was extracted from these topographic files and
incorporated into the remnant vegetation data base.
Digital data from RSAC was also used in some areas of the Wheatbelt. An unsupervised
classification technique using remotely sensed digital data was employed to create a file
containing only remnant vegetation data. These files were then further processed at DAWA to
enable plots of remnant vegetation to be produced.
Remnant vegetation data from the McLean's Project was incorporated into the data base,
however, not all patches of vegetation were mapped. The project required an assessment of the
suitability of private land to support timber production therefore not all soil and vegetation types
were mapped. Refer to EPA Bulletin 286 for more information.
Distinction between remnant vegetation, modified and scattered remnant vegetation was not
made during the earlier projects including the McLean's Project, Coates (1987) and Arnold and
Weeldenberg (1991). Consequently statements generated from this data give figures for remnant
vegetation which include modified vegetation but not the scattered category. The Shires covered
by the above projects include:
Lake Grace
Dumbleyung
Tammin
Kellerberrin
Plantagenet
Albany
Denmark
Manjimup
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2.3 Accuracy and reliability of mapping
The accuracy of mapping depends upon the following factors:
• accuracy of base maps;
• scale of base maps;
• type of base maps;
• type of photography;
• scale of photography.
Base map accuracy, stated on the published sheets, is +/- 25 metres for 1:100,000 scale, +/-
12.5 metres for 1:50,000 scale, and +/- 6.25 metres for 1:25,000 scale.
An accuracy index, taking into consideration the scale and type of base map and the type of
photography used, was formulated as follows:
Table 1 Accuracy index for remnant vegetation mapping
Order of decreasing
accuracy
Base map information Type of photography
Scale Type
1 1:25,000 Acetate overlay Aerial
2 1:100,000 Acetate overlay/printed maps Satellite
3 1:50,000 Acetate overlay/printed maps Satellite
4 1:100,000 Acetate overlay/printed maps Aerial
5 1:100,000 Acetate overlay/printed maps Satellite
The reliability of mapping is dependent on the date of aerial photography or satellite imagery that
was interpreted. The most recent coverage being of the greatest reliability.
The accuracy and reliability of a given map sheet can be ascertained by using Figures 2, 3 and
4. Figure 2 gives the base map scale, Figure 3 shows the type of photography used and Figure 4
shows the date of photography used. For example, vegetation mapped on a 1:50,000 scale base
map using aerial photography would have an accuracy of 2 and would be reliable for the date of
photography used.
2.4 Vegetation classification
All remnant vegetation has been modified to some degree but it is possible to determine differing
degrees of modification. Rather than use a rigid set of detailed criteria for each remnant the
following general categories were developed and used throughout the project:
1. Remnant vegetation.
2. Modified remnant vegetation.
3. Scattered remnant vegetation.
1. Vegetation classified as Remnant Vegetation comprised one or more of the following
characteristics:
• Most closely reflected natural state of vegetation for a given area e.g. naturally scattered
halophytic low vegetation on saline flats.
• Most similar to identifiably remnant areas of similar vegetation type e.g. nature reserves.
• Intact understorey (if forest or woodland).
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• Of greatest structural diversity/complexity in comparison to disturbed vegetation in the
region.
• The minimal disturbance by agents of human activity.
2. Vegetation classified as modified remnant vegetation comprised one or more of the
following characteristics:
• Degraded understorey.
• Obvious human disturbance - clearing, mining, grazing.
• Saline incursions.
• High perimeter to area ratio.
• Narrow corridors of vegetation along roads and railway lines, and windbreaks.
3 Scattered remnant vegetation comprised all the following characteristics:
• No understorey.
• Parkland cleared.
• No canopy continuity.
• No significant signs or chance of regeneration.
11
Chapter 3 GIS Methodology
The process of building the Remnant Vegetation GIS was performed in four distinct stages (Figure
5):
1. Digital Capture
2. Cleaning and Editing
3. Verification
4. Database and Topology Creation
All capture and processing of aerial interpreted data was performed using software commercially
available from Intergraph Corporation. A variety of hardware platforms were used to construct the
Remnant Vegetation Geographic Information System.
Table 2 shows the software and hardware used to construct the Remnant Vegetation Geographic
System.
Table 2
Software Hardware
PC Microstation
MicroStation 32
Spatial Editor (SPED)
Spatial Analyst (SPAN)
MicroStation Geographic
Information System
Environment (MGE)
IGDS/DRMS
286/386 IBM compatible computers
Intergraph Interpro UNIX workstation
WALIS -InterVAX 8650
WALIS -InterVAX 8650
Intergraph Interpro UNIX workstations
WALIS -InterVAX 8650
Within the software products specific modules were used and in some cases special routines
written.
Table 3 lists the specific routines and their function in the software products.
Table 3
Product Module name Description
SPED
SPED
SPED
SPED
SPAN
IGDS/DMRS
IGDS/DMRS
IGDS/DMRS
COMPLEX
EDILINE
WEEDER
PTL
TOPO BUILDER
DMRS
IGDS
User commands
language
Creates polygons from clean line work
Cleans and reforms captured line work
Removes redundant data points
Converts polygons to line/linestring components
Builds topological files from vectors and attributed nodes
Database management and retrieval
Graphics management of Drawings
Specific programming tool used to create programs to
manipulate the graphics/database data
Digital data was merged to form a "tile" having a spatial coverage equivalent to a map sheet. The
map sheet size was dependent on the amount of information present. The merging process also
resulted in a file containing the first three vegetation categories (see Table 2).
The merging process was performed prior to the cleaning and editing process.
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3.1 Digital capture
Maps were digitised using personal computers with Intergraph Microstation software. Each map
was digitised using the corresponding digital cadastral file as a reference to facilitate accurate
placement of road verge and railway line corridors. Corridors comprising a single line of trees or
shrubs were digitised as a standard 4 metre wide polygon, this enabled areas to be calculated. On
completion each map was plotted and checked on a light table against the original map and any
errors or omissions were corrected. Vegetation information interpreted automatically from satellite
imagery was also captured in digital format.
The following table shows the levels allocated to the Microstation symbology at which each
category of remnant vegetation was captured.
Table 4 Attributes for capture of remnant vegetation
Level Colour Line
Code
Category
34
35
36
60
Green
Blue
Red
White
2
1
3
0.1
Remnant vegetation
Scattered vegetation
Modified remnant vegetation
Public land (VCL, CALM, etc.)
3.2 Cleaning linework
The software used to perform the cleaning process was EDILINE. It corrected a number of typical
digitising errors including:
 overshoots
 undershoots
 bow tie conditions
Errors not fixed by the software were corrected manually.
3.3 Verification
This was performed by a new operator overlaying and comparing the original sheets with the
"cleaned" digitised products. After manual verification the line work was run through the COMPLEX
software which attempts to convert line work to valid polygons. The resultant output files were then
plotted and manually overlaid on the originals. This process was repeated to ensure all corrections
were made.
3.4 Database and Topology Creation
The information was captured as a series of "tiles" which are equivalent to map sheets. Most "Tiles
were 1:100,000 maps. In cases where there was information "tiles" were made equivalent to
1:50,000 and even 1:25,000.
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The Database was created using Intergraph's DMRS database product. Twenty two data themes
with 10 reserved data themes were allowed for. Remnant data formed one of these themes, having
attributes described in Table 4.
The creation of topology for each "tile" involved the linking of attribute data to the mapped feature,
areas of vegetation, both updating of these features with attribute data and then the topology
building to create a "title" of topology.
Each processed forms a topological file, as defined by the Spatial Analysis System providing a
convenient unit for manipulation and the basic unit for information and analysis.
Local Government Authority boundaries as a theme were linked to the database. This enabled the
production of valuable topological files that could provide information about vegetation on a shire by
shire basis.
3.5 Maintenance and update
Intergraph software products are used in maintenance and update of information. Modifications can
be performed on individual "tiles" within the GIS.
Two types of modifications are easily managed within the current system:
i Attribute information changes
Attribute information may change. For example as a result of field work an area of vegetation may
be categorised as modified rather than remnant native vegetation. The relevant database record
would be changed. This would be reflected in the up-dated topological files and in subsequent
reports or maps.
ii Spatial information changes
Spatial information changes require the generation of a graphics files from the base "tile"
topological file. Once graphical changes are made or database linkages modified a new "tiled"
topology replaced the original.
The "tiled" approach assists in the reduction of database transactions that may be required to
update or alter either the spatial or attributable data.
Updating of spatial and attribute data will be necessary after fieldwork or complimentary activities.
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Chapter 4 Results
The type of results that have been obtained from the GIS data base include:
• Spatial analysis.
• Plots.
• Digital Data.
4.1 Spatial analysis
An example of information which can be obtained is in Appendix C.
Appendix C gives a complete inventory of the number and size of areas of remnant and modified
vegetation and scattered trees in each shire, as well as the total area of the Shire and Public
Reserves.
4.2 Maps
Maps showing remnant vegetation can be produced from the data using a variety of boundary
specifications such as listed below:
• 1:100,000 maps sheets.
• Local Government Authority boundaries (Shires).
• Department of Agriculture District Office boundaries.
• Catchment boundaries.
• Other cadastral boundaries such as individual farms.
• Any boundary identified by Australian Map Grid coordinates (AMG), or latitudinal and
longitudinal values.
Hence, it is possible to produce maps showing the location and size of remnants on farms, in
catchments or across a region for example.
Plots of remnant vegetation can be produced at any scale, though the accuracy is limited by the
capture scale (see 2.3). Other digital information can be included in a plot, for example remnant
vegetation and cadastral boundaries can be produced on a single plot. Areas of remnant vegetation
may be overlayed with plots of rainfall isohyets and catchments to show areas of vegetation
associated with different rainfall and drainage.
Together with each set of figures for the Shires in Appendix C is a map. Each map plots the
different areas of remnant and modified vegetation, scattered trees and reserves set out in the
table. The general size and location of these can be distinguished from the plots for organisations
requiring larger scale products. Those can be provided by the Department.
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4.3 Digital data
The digital data produced during the project can be used by other organisations that wish to
incorporate the data into their own systems. Information about remnant vegetation will be
accessible to them for a variety of uses. Examples of requests to date are contained in Appendix B.
4.4 Future data collection
The Remnant Vegetation Protection Scheme, initiated in 1988, provides a 50% subsidy for the cost
of fencing selected remnant vegetation patches on private land.
Information held in the GIS data base, which can be accessed by Government Departments and
other organisations and individuals, is used extensively in the production of maps and for the
spatial analysis of remnant patches.
Biological or ecological values of those remnants need to be assessed to assist in the planning and
management process. This is the next stage being undertaken by the Department of Agriculture
(using external funding sources) and other organisations and individuals. The completion of both
stages will greatly enhance sound management practices by providing information to enable
specific management objectives to be set.
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Appendix A Mapping source index
Index
BMAP 0 00 - Base map number
BSCALE - scale of base map
BDATE - date of publication of base map
PDATE - date of photography used
SC - location of source material used for future reference.
1 DOLA - Topographical Services, Wembley
2 Department of Agriculture A South Perth
B Bunbury
C Esperance
D Moora
3 Water Authority of Western Australia
4 CALM A Como
B Kelmscott
C Manjimup
5 Remote Sensing Application Centre (RSAC)
6 Digitally classified data from RSAC
T - Type of photography used
L Landsat Imagery
A Aerial photography
NUMBER - Job number or Image number of photography used. C of A refer to Commonwealth of
Australia photography.
REF - reference to Runs used of aerial photography, or bands of Landsat imagery.
MAPNAME - name of 1:100,000 map, cross-reference to BMAP.
OTHER SOURCES OF DATA
'*' - McLeans mapping project
'-' - Digitally classified images by RSAC
'#' - Mapped by Coates, 1987
'+' - Mapped by officers at CSIRO








Appendix B Examples of data requests
Key to type of request
P = Plot
D = Digital data
S = Spatial analysis
Type of
request
Area covered Requested by
P
P
D
P
P
P
D
D
P
P
P
North-east Wheatbelt
Narrogin 1:100,000 sheet
Greenough Shire
Part of Albany Shire
Greenough Shire
North Stirling Land Conservation District
Geraldton District Office
Northam District Office
Inering Catchment
Chittering area
Selected Westrail Railway Lines
Heritage Committee
Greening Australia
Dept. Agriculture, Geraldton
Dept. Planning and Urban Development
Shire of Greenough
UWA student
Dept. Agriculture, Geraldton
Dept. Agriculture, Northam
Inering Catchment Project
E.A. Griffin & Assoc.
E.M. Mattiske & Assoc.
Appendix C
Vegetation Statistics and Maps for Shires covered by
Survey











































































































































































